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1.0 INTRODUCTION 


This final report summarizes technical achievements under 
NASA Grant NAGW-733 during the period March 1, 1985 to February 
28, 1990. The initial objectives of this study were to investigate 
the utility of airborne and orbital SAR in classification, assessment 
and monitoring of forest biomes. This objective was to be realized 
through analyses of orbital SAR and multifrequency and 
multipolarized airborne SAR imagery relying on image tone and 
texture. 

Preliminary airborne SAR experiments and truck-mounted 
scatterometer observations demonstrated that the 3-dimensional 
structural complexity of a forest, and the various scales of temporal 
dynamics in the microwave dielectric properties of both trees and 
the underlying substrate would severely limit empirical or semi- 
empirical approaches. As a consequence, it became necessary to 
develop a more profound understanding of the electromagnetic 
properties of a forest scene and their temporal dynamics through 
controlled experimentation coupled with theoretical development 
and verification. The concatenation of various models into a 
physically-based composite model treating the entire forest scene 
became the major objective of the study as this is the key to 
development of a series of robust retrieval algorithms for forest 
biophysical properties. 

In order to verify the performance of the component elements 
of the composite model, a series of controlled laboratory and field 
experiments were undertaken to: (1) develop techniques to measure 
the microwave dielectric properties of vegetation (El-Rayes and 
Ulaby, 1987; Sarabandi and Ulaby, 1988), (2) relate the microwave 
dielectric properties of vegetation to more readily measured 
characteristics such as density and moisture content (Ulaby and El- 
Rayes, 1987), (3) calculate the radar cross-section of leaves 
(Sarabandi, Senior and Ulaby, 1988; Sarabandi and Ulaby, 1989), and 
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cylinders (Whitt and Ulaby, 1989; Ulaby and Sarabandi, 1990), (4) 
improve backscatter models for rough surfaces (Ulaby and 
Sarabandi, 1990; DeRoo, Ulaby, Kuga, and Dobson, 1989) and (5) 
relate attenuation and phase delays during propagation through 
canopies to canopy properties (Ulaby, Held, Dobson, McDonald and 
Senior, 1987; Ulaby, Tavakoli and Dobson, 1986; Ulaby, Tavakoli and 
Senior, 1987; Ulaby, Whitt and Dobson, 1988; Ulaby, Whitt and 
Dobson, 1990). These modelling efforts, as validated by the 
measurements, have been incorporated within a larger model known 
as the Michigan Microwave Canopy Scattering (MIMICS) Model. 

2.0 MIMICS Model Development 

The MIMICS Model is based upon a first order solution to a 
vector radiative transfer approach to modelling a vegetation canopy 
(Ulaby, McDonald, Sarabandi and Dobson, 1988; Ulaby, Sarabandi, 
McDonald, Whitt and Dobson, 1990). It operates over the frequency 
range from 1 GHz to 10 GHz and has evolved into a fully polarimetric 
treatment whereby wave synthesis techniques can be used to 
express the scattering matrix in terms of backscatter at any 
transmit and receive polarization combination. The model treats 
three general layers: (1) a crown layer of leaves and branches, (2) a 
trunk layer and (3) the ground surface. The crown layer is 
considered to be homogeneous with a uniform distribution of 
constituent elements; and characterized by diffuse upper and lower 
boundaries. Multiple scattering within the crown layer is not 
considered. The constituent elements of the crown layer (leaves and 
branches) are each described by probability density functions for 
size, shape and orientation distributions as well as dielectric 
properties. The trunk layer is treated as a uniformly distributed 
array of vertical dielectric cylinders described by pdfs for height, 
diameter and effective dielectric. The ground surface is treated as 
a rough dielectric surface in the backscatter case and as a smooth 
surface for specular reflections. 
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The model considers the net backscatter as being comprised of 
that from a number of discrete scattering pathways including those 
from each layer directly as well as multiple interactions between 
layers. The model outputs and test points are the extinction 
matrices of each layer, scattering matrices for each scattering 
pathway and the net scattering matrix. At present, the model treats 
only continuous canopies. 

The MIMICS model outputs have been validated using truck 
mounted polarimetric scatterometer data and polarimetric airborne 
SAR data at L-, C-, and X-bands for both extinction and total 
backscatter. MIMICS is typically found to predict values within 1 dB 
of those observed over a wide range of canopy types and conditions 
(McDonald, Dobson and Ulaby, 1990; Dobson, McDonald and Ulaby, 

1989; Dobson and Kasischke, 1989; Dobson, McDonald, Kasischke, 

Way and Ulaby, 1990; Dobson, McDonald, Ulaby and Way, 1990; 
McDonald, Dobson and Ulaby, 1991; Dobson, Pierce and McDonald, 

1991; Dobson, McDonald, Pierce and Bergen, 1991). In addition, 
validation of the model has made feasible its use in development of 
potential applications for orbital SAR in monitoring various 
hydrologic and biophysical properties of vegetated terrain 
(Christensen, Kasischke and Dobson, 1990; Kasischke, Way, 
Christensen and Dobson, 1990; McDonald, Dobson and Ulaby, 1988; 
Viereck, Slaughter, Way, Dobson and Christensen, 1990). 

While the current version of MIMICS treats continuous 
vegetation canopies on level terrain, it is being extended to apply to 
discontinuous canopies such as isolated trees, small groups of trees, 
and nearly-continuous canopies with gaps (McDonald and Ulaby, 

1990). Other planned extensions of the model are to consider the 
case of non-level terrain and incorporation of additional layers for 
snow-cover, organic surface debris, and a herbaceous layer (DeRoo, 
Kuga and Dobson, 1991). 
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